Ruminal enrichments yielded peptostreptococci with a very high specific activities of ammonia production (14) , and 16S RNA analyses indicated that these stains were Peptostreptococcus anaerobius (11) . P. anaerobius deaminated glutamine, but volatile fatty acids were not an end product. Glutamine was stoichiometrically converted to pyroglutamic acid, a cyclic analog of glutamine (4) . In Streptococcus bovis, pyroglutamate arises from an ATP-generating cyclotransferase reaction (5) , but the mechanism of glutamine deamination in P. anaerobius is not known.
The rumen is a sodium-rich environment (approximately 100 mM) that has been compared to an inland sea (3) . Many ruminal bacteria have an absolute requirement for sodium (3) , and a variety of sodium-dependent transport systems have been found in ruminal bacteria (16) . Gram-positive ruminal bacteria are commercially inhibited with monensin, a sodium/ proton antiporter (13) .
Results presented here indicated that P. anaerobius has at least two mechanisms of glutamine uptake. The high-affinity, sodium-dependent system could be driven by a chemical gradient of sodium (ApNa), required more than 20 mM sodium for half-maximal velocity, and was unaffected by the presence of a membrane potential (At). The high-capacity, low-affinity system did not require high concentrations of sodium, was inhibited by a AT (interior negative), and generated a A'T (interior negative) when the external glutamine concentration was greater than 15 mM.
MATERUILS AND METHODS Cells. P. anaerobius C was previously described (4, 11, 13, 14) . Cells were grown anaerobically in medium containing (per liter) 292 mg of K2HPO4, 292 mg of KH2P04, 480 mg of Na2SO4, 480 mg of NaCl, 100 mg of MgSO4 * 7H20, 64 mg of CaCl2 * H20, 600 mg of cysteine hydrochloride, 15 g of Tryp-ticase (BBL Microbiology Systems, Cockeysville, Md.), vitamins, and microminerals (4). The medium pH was 6.5, and the incubation temperature was 39°C. Exponentially growing cells that were subjected to lysozyme and mutanolysin as previously described (15) indicated that the transport rates were similar under aerobic and anaerobic conditions. The effect of sodium was monitored by adding 0 to 100 mM sodium chloride to the potassium phosphate buffer. After 10 s, transport was terminated by adding 2 ml of ice-cold 100 mM LiCl or 100 mM KCl and filtering through cellulose nitrate membrane filters (0.45-um pore size). The filters were washed once with 2 ml of 100 mM LiCl and dried for 20 min at 105°C. The radioactivity on the filters was then counted by liquid scintillation. Preliminary experiments indicated that the rate of glutamine transport was proportional to cell concentration and time so long as the transport time was less than 30 s.
Washed cells were treated with valinomycin (5 pRM), incubated in 100 mM potassium phosphate (pH 6.5) to load them with potassium, and diluted into sodium phosphate (pH 6.5) to create an artificial AT (interior negative) and a chemical gradient of sodium (ApNa). The cells were diluted into potassium phosphate buffer that contained 100 mM sodium chloride to create a ApNa in the absence of a /AP (interior negative). Cells were also diluted into potassium buffer (no ApNa or At). [TPP+in]/[TPP+oull) (1) , and nonspecific binding of TPP+ was estimated from cells which had been treated with nigericin and valinomycin (5 ,uM each).
ATP. Cells grown overnight were washed twice and resuspended in basal medium. Glutamine (50 mM) was added, and the cells were incubated at 39°C for 30 minutes. DCCD (N,N-dicyclohexylcarbodiimide) (150 jiM) was added as indicated to inhibit F1F0 ATPase activity. Over time, 1-ml cultures were extracted for 20 min with 0.5 ml of ice-cold 14% perchloric acid which contained 9 mM EDTA. After centrifugation (13,000 x g, 5 min, 22°C), the supernatant (1 ml) was neutralized with 0.5 ml of KOH-KHCO3 (1 M each, 0°C). Potassium perchlorate was removed by centrifugation (13,000
x g, 5 min, 0C), and the supematant was assayed for ATP by the firefly luciferin-luciferase method (7) . Neutralized extracts were diluted 50-fold with 40 mM Tris-HCl buffer containing 2 mM EDTA, 10 (Fig. 1) . The sodiumdependent transport system had a low affinity for sodium, and more than 20 mM sodium was required for half-maximal velocity. Lithium could not replace sodium (data not shown).
When exponentially growing cells were treated with valinomycin, loaded with potassium, and diluted into potassium (no driving force), there was no detectable uptake of ["4C]glutamine (Fig. 2) . However, if the same cells were diluted into potassium plus sodium to create a chemical gradient of sodium (ApNa), rapid transport was observed. A membrane potential (AP) was unable to drive glutamine transport even if sodium was present, and a AT (interior negative) did not enhance or inhibit glutamine transport if ApNa was the driving force.
Glutamine transport, however, did not show saturation kinetics. When washed cells were incubated in potassium phosphate (pH 6.5) containing 100 mM sodium chloride and the [ 4C]glutamine concentration was increased from 1 to 100 ,uM, the Eadie-Hofstee plot was biphasic (Fig. 3) . At velocity/substrate concentration ratio was relatively constant, and the initial rate of ammonia production was directly proportional to the external glutamine concentration (Fig. 3,   inset ).
Low-affinity glutamine uptake. When washed cells were incubated with 100 ,uM ["4C]glutamine, sodium had little, if washed in potassium phosphate (pH 6.5) and incubated in potassium phosphate (pH 6.5) and sodium chloride (100 mM). The rates were estimated after 10 s, and the glutamine concentration was varied from 1 to 100 ,uM. The inset shows the initial rate-of ammonia production by whole cells which were washed and incubated with increasing concentrations of glutamine. V/S, velocity/substrate concentration ratio. any, effect on the rate of glutamine transport (Fig. 4a) . Tetrachlorosalicylanilide and monensin both inhibited the growth of P. anaerobius, but neither of these compounds decreased the rate of glutamine transport (Fig. 4b) . When the cells were washed in 100 mM potassium phosphate (pH 6.5) and resuspended in Tris buffer (pH 6.5) containing 100 mM potassium chloride, the cells had little AlV (Fig. 5a ). However, if the same cells were suspended in Tris buffer which lacked potassium, the AlT (interior negative) was approximately 140 mV. The At gradually decreased with time, but the AlT was still greater than 50 mV 15 min later. Cells which were incubated in Tris buffer containing potassium (no At) took up [14C]glutamine (100 ,uM) at much faster rate than cells which were suspended in Tris buffer lacking potassium to create an artificial All (Fig. Sb) . The rate of glutamine transport was likewise increased by TPP+, a lipophilic cation which dissipates the AlT (Fig. Sc) .
Stationary-phase cells which were washed and incubated in basal medium (100 mM sodium, 10 given 50 mM glutamine had less than 4 nmol of ATP per mg of protein, but the DCCD-treated cells had a fourfold increase in ATP (Fig. 6) . DCCD-treated cells had little AT (interior negative) until the glutamine concentration was greater than 15 mM (Fig. 7) . Cells which were loaded with pyroglutamate or ammonia and diluted into buffer lacking pyroglutamate or ammonia, respectively, did not take up TPP+ or [14C]glutamine, and ammonia production was not inhibited by as much as 100 mM pyroglutamate (data not shown).
Glutamine cyclotransferase. Since pyroglutamate and ammonia were the only end products of glutamine deamination, it appeared that glutamine was being deaminated by a glutamine cyclotransferase reaction. Toluene-treated cells produced ammonia from glutamine, but the cells had essentially no 
DISCUSSION
The kinetics of glutamine transport by P. anaerobius were biphasic, and glutamine deamination was not saturated with as much as 200 mM glutamine. The high-affinity glutamine transport system required more than 20 mM sodium for halfmaximal velocity, but the low-affinity, high-Vma, system needed less than 100 ,uM sodium, which is the natural contamination of laboratory glassware. Since the velocity/substrate concentration ratio of the low-affinity system remained relatively constant, it appeared that low-affinity transport was being driven by the concentration gradient of glutamine. At this time, it is not clear whether high-and low-affinity glutamine uptake are mediated by the same or different transport proteins. Because glutamine is a hydrophilic compound, it is unlikely that high rates of glutamine uptake would occur by passive diffusion.
Low-affinity glutamine transport was inhibited by a AT (inside negative), and this result indicated that glutamine1-was the species being translocated across the cell membrane. Because the pKa of the glutamine amino group is 9.13, only 0.2% of the glutamine would be glutamine-1 at pH 6.5. The observation that even 100 mM glutamine did not saturate the rate of glutamine deamination is consistent with the hypothesis that only a small fraction of the glutamine was being transported. When the pH of the buffer was decreased from 6.5 to 5.5, the rate of glutamine deamination decreased approximately 10-fold (data not shown).
In S. bovis, the glutamine cyclotransferase reaction is an ATP-generating phosphate transferase system which has y-glutaminyl-phosphate as an intermediate (5) 
